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where is the s-d exchange interaction at the interface, ⃗ ⃗ is the spin density operator of conduction electrons in NM, and ⃗ is the localized spin in FM.
The Gilbert damping constant due to the attached NM, , is derived from the imaginary-part of the self-energy of magnons in FM. Following refs. (16, 32, 33) , the damping constant is expressed as
where ω 0 is the FMR frequency of FM and N FM is the number of sites in FM.
Our formalism can be applied to the modulation of the Gilbert damping constant in YIG/TI as shown below.
II. Gilbert damping in YIG/TI
We consider a bilayer structure, in which a TI layer and a FM layer are interacting through the sd exchange interaction at the interface. The s-d interaction and resulting Gilbert damping constant modulation can be described by adopting equations (1) and (2) and the valence band (lower band) is given by 2∆.
Here, we assume that the density-of-states of TI has a finite value at the Dirac point due to the impurity and electron-phonon scattering.
Equation (3) 
III. Spin Seebeck effect in YIG/TI
Here we discuss the relation between the spin pumping and the spin Seebeck effect in YIG/TI. Starting with the Hamiltonian (1), the spin current generated at the interface is given in a unified way as
where 0 = | |, is the number of sites at the interface, ± ( ) is the imaginary part of the susceptibility of YIG, and ℎ ± is the driving force. In the case of the spin pumping driven by the FMR, the driving force corresponds to the microwave and ± ( ) satisfies the resonance condition. In contrast, the thermal gr adient is the driving force in the case of the spin Seebeck effect. This indicates the spin Seebeck effect can be regarded as the spin pumping by heat. Because both Eq.
(2) and Eq. (4) similarly depend on +− , the spin current generation due to the spin pumping by both FMR and heat (i.e., spin Seebeck effect) is also enhanced near the Dirac point (8).
